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ABSTRACT 
Concern o v e r  the e f f e c t s  of  Space S h u t t l e  l aunches  prompted t h e  
i n i t i a t i o n  of a r a t h e r  i n t e n s e  env i ronmen ta l  m o n i t o r i n g  program 
i n  J u l y  1977. The program i n c l u d e d  a p r e c i p i t a t i o n  m o n i t o r i n g  
network w i t h  13 p r e c i p i t a t i o n  c o l l e c t i o n  s i tes  which were 
o p e r a t e d  f o r  v a r i o u s  time p e r i o d s  t o  b a s e l i n e  p r e c i p i t a t i o n  
chemis t ry  a t  the  John F. Kennedy Space C e n t e r  ( K S C ) .  One 
a d d i t i o n a l  s i t e  was a l s o  es tab l i shed  as a remote background s i t e  
on t h e  U n i v e r s i t y  of C e n t r a l  F l o r i d a  ( U C F )  campus n e a r  Or lando,  
30 miles west of KSC. One of t n e  i3 s i t e s  was coiivepted tz, z 
N a t i o n a l  Atmospheric D e p o s i t i o n  Program ( N A D P )  s t a t i o n  i n  August 
of 1983. C o l l e c t i o n s  and a n a l y s e s  of samples were performed 
u s i n g  a number of methodologies  d u r i n g  t h e  m o n i t o r i n g  p e r i o d .  An 
e v a l u a t i o n  of the data f o r  c o m p a r a b i l i t y  and u t i l i t y  f o r  a c i d  
r a i n  r e s e a r c h  was performed u s i n g  t h e  a n i o n / c a t i o n ,  measured 
c o n d u c t i v i t y / c a l c u l a t e d  c o n d u c t i v i t y ,  C l / N a ,  and Mg/Na r a t i o s .  
Data c o l l e c t e d  a t  a l l  KSC s i tes  between 1977 and 1981, from 1983 
to 1985 a t  the  NADP s i t e  and a t  UCF t o  1985 are comparable and 
a p p r o p r i a t e  f o r  de t e rmin ing  a c i d  r a i n  t r e n d s .  Examinat ion of 
t h o s e  comparable data showed a f a i r l y  s table  pH between 1977 and 
1982 and a n  i n c r e a s e  of 0.2 pH u n i t s  which was observed  as a n  
i n c r e m e n t a l  i n c r e a s e  between 1982 and 1983 a t  KSC and UCF. The 
pH has remained a g a i n  s tab le  f o r  1984 and 1985. There i s  no 
i n d i c a t i o n  of any a d v e r s e  impacts  from S h u t t l e  l aunches  t o  r a i n  
chemis t ry  . 
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I , INTRODUCTION 
I n t e r e s t  i n  t h e  problem of a c i d  p r e c i p i t a t i o n  has i n c r e a s e d  o v e r  
t h e  l a s t  s e v e r a l  decades. T y p i c a l l y ,  s u l f u r i c  and n i t r i c  a c i d s  
have  been of pr imary  conce rn ,  a r i s i n g  from s u l f u r  and n i t r o g e n  
o x i d e  p r e c u r s o r s  which are p roduc t s  of combustion p r o c e s s e s .  
Nation-wide e f f o r t s  such  as t h e  N a t i o n a l  Atmospheric  D e p o s i t i o n  
Program/Nat iona l  Trends  Network (NADP/NTM) (Rober t son  and Wilson 
1985)  and state-wide e f f o r t s  w i t h i n  F l o r i d a  such  as t h e  F l o r i d a  
C o o r d i n a t i o n  Group Acid Ra in  Study (ESE 1982)  have  p r o v i d e d  much 
i n f o r m a t i o n  on t h e  e x t e n t  and s e v e r i t y  of t h i s  problem. 
Concern o v e r  h y d r o c h l o r i c  ac id  (HC1) produced by t he  S o l i d  Rocket 
B o o s t e r s  (SRB'S)  of the  Space T r a n s p o r t a t i o n  Sys tem (STS) 
prompted a rather i n t e n s e  p r e c i p i t a t i o n  m o n i t o r i n g  program 
(Madsen 1981)  and a l o c a l  network of 1 3  s i t e s  ( F i g u r e  1) t o  
m o n i t o r  t h e  p r e s e n c e  of ac id  r a i n  was e s t ab l i shed  by B.C. Madsen 
of t he  U n i v e r s i t y  of C e n t r a l  F l o r i d a  ( U C F )  a t  t h e  John F. Kennedy 
Space C e n t e r  ( K S C )  i n  1977 as p a r t  of a n  env i ronmen ta l  m o n i t o r i n g  
and research program. Research i n v o l v i n g  the  comparison o f  
s ampl ing  i n t e r v a l  l e n g t h s  (Madsen 1982)  and of c o a s t a l  v e r s u s  
i n l a n d  s i tes  (Madsen 1984)  were i n c l u d e d  as par t  of t h i s  
m o n i t o r i n g  program. Involvement of UCF i n  t h e  KSC m o n i t o r i n g  
program ended i n  l a te  1981. One s i t e  was c o n t i n u e d  a t  KSC w i t h i n  
1 km of  t h e  o r i g i n a l  s i t es  (13)  unde r  N A S A  c o n t r a c t s  t o  
independen t  c o n t r a c t o r s  through 1985. A NADP s t a t i o n  was 
established a t  K S C  a t  t h e  same s i t e  i n  August of 1983. Two o t h e r  
r e s e a r c h  s i tes  were o p e r a t e d  f o r  one year each s t a r t i n g  i n  ear ly  
1984 ( F i g u r e  1). 
A m o n i t o r i n g  s i t e  was e s t ab l i shed  a t  t h e  U C F  campus i n  1977 as 
part  of t he  UCF/KSC program and t h a t  s i t e  has been o p e r a t e d  
c o n t i n u o u s l y  s i n c e  t h a t  t i m e .  The pu rpose  of t h i s  r e p o r t  i s  t o  
summarize data gathered a t  KSC and U C F  t h rough  1985 w i t h  emphasis 
on s y n t h e s i s  of t h e  e i g h t  year data set .  Data q u a l i t y  has been  
e v a l u a t e d  f o r  i n d i v i d u a l  samples. The u t i l i t y  of t h i s  m o n i t o r i n g  
e f f o r t  w i l l  be e v a l u a t e d  w i t h  r e s p e c t  t o  t he  f o l l o w i n g :  1) i n p u t  
f o r  management and o p e r a t i o n a l  d e c i s i o n  making, 2 )  a c i d  
d e p o s i t i o n  data base f o r  r e s e a r c h  e f f o r t s ,  3 )  p r e l i m i n a r y  
a s s e s s m e n t  of  data as a long-term e n v i r o n m e n t a l  data base f o r  KSC 
and e a s t - c e n t r a l  F l o r i d a ,  and 4 )  recommendation f o r  f u t u r e  
program f o c u s  w i t h  r e s p e c t  t o  c o n t i n u e d  m o n i t o r i n g ,  
11. METHODS AND MATERIALS: 
A .  UCF/KSC Moni tor ing  
Rain  sarnples were c o l l e c t e d  a t  a l l  s i t e s  ( F i g u r e  1) as wet-only 
samples u t i l i z i n g  Aerochem-Metrics p r e c i p i t a t i o n  c o l l e c t o r s .  
T y p i c a l l y ,  samples were c o l l e c t e d  as d a i l y  samples on Tuesday 
t h r o u g h  F r i d a y  and as three-day samples on Monday. Samples were 
a n a l y z e d  and a r c h i v e d  under  r e f r i g e r a t i o n  u n t i l  t h e  data cou ld  be 
e v a l u a t e d  and v e r i f i e d .  Data q u a l i t y  was e v a l u a t e d  by  examining 
1 
F i g u r e  1. L o c a t i o n s  of U n i v e r s i t y  of C e n t r a l  F l o r i d a  and Kennedy 
Space C e n t e r  r a i n w a t e r  s a m p l i n g  s i tes  i n d i c a t i n g  
length of time o p e r a t e d .  
MONITORING SITES 
1977-1 986 
18 
1977-1 981 
12 
80O40’ 
2 
AN 
Table 1. Typical parameters used to evaluate data quality. 
Parameter Expected Value 
Anion/cation (eq./eq.) 1.0 - + 0.2 
Me as u red / c a 1 cu 1 at e d c o nd u c ti vi t y 
Cl/Na (eq./eq.) - 
Na/Mg (eq./eq.) - 
1.0 - + 0.2 
1.16 + 0.2* 
0.2 + 0.2* 
*Expected value in marine environment. Considerable latitude 
must be given to these values when concentrations are low (e.g., 
below 0.3 ppm Na+) 
3 
a number of d i a g n o s t i c  r a t i o s  (Table  1):  a n i o d c a t i o n ,  measured/ 
c a l c u l a t e d  c o n d u c t i v i t y ,  C l / N a ,  and Na/Mg, on a n  i n d i v i d u a l  
sample basis (Galloway and Likens  1978) .  
d e s c r i p t i o n  of t h e  program was g i v e n  elsewhere by Madsen (1981, 
1 9 8 1 a ) .  
A more de ta i l ed  
B .  C o n t r a c t o r  M o n i t o r i n g  
L i t t l e  i n fo rma t ion  is  a v a i l a b l e  on t h e  p r o c e d u r e s  used d u r i n g  
1982 th rough  1984 b u t  i t  i s  assumed tha t  t h o s e  of t h e  UCF/KSC 
m o n i t o r i n g  program were con t inued .  One s i t e  was o p e r a t e d  i n  t h i s  
f a s h i o n  through 1984 w i t h  few r o c e d u r a l  changes t h a t  re la te  t o  
l i n e r s  were used i n  t he  wet-only c o l l e c t i o n  bucket  t o  a v o i d  t h e  
need f o r  bucket washing and t o  minimize c o n t a m i n a t i o n  th rough  
h a n d l i n g .  I n  ear ly  1984, two s t a t i o n s  were established a t  
r e s e a r c h  p r o j e c t  s i t e s  t o  p r o v i d e  background d e p o s i t i o n  
measurements based on c o l l e c t i o n  of weekly  samples. Chemical 
a n a l y s i s ' w a s  performed by v a r i o u s  g roups  from November 1981 u n t i l  
December 1985. After c o l l e c t i o n ,  sample c o n d u c t i v i t y  and  pH were 
de te rmined  on a small p o r t i o n  of sample and t h e  r ema in ing  sample 
was t r a n s f e r r e d  t o  a c l e a n  sample b o t t l e  and s u b m i t t e d  t o  t h e  
l a b o r a t o r y  f o r  chemical a n a l y s i s .  The NADP s i t e  was selected and 
was o p e r a t e d  a c c o r d i n g  t o  NADP p r o t o c o l  (Bigelow 1984 and Bigelow 
1982)  and sample h a n d l i n g  and a n a l y s i s  q u a l i t y  were c a r e f u l l y  
moni tored  u s i n g  round-robin and check samples and data e v a l u a t i o n  
(NADP 1984) .  S i t e  o p e r a t o r s  were t r a i n e d  by t he  NADP/NTN c e n t r a l  
a n a l y t i c a l  l a b o r a t o r y  p e r s o n n e l  and p e r i o d i c  s i t e  v i s i t s  were 
made. A more de ta i led  d e s c r i p t i o n  of s i tes  and p r o c e d u r e s  used 
d u r i n g  1983-1984 are d i s c u s s e d  i n  a r e p o r t  by Dreschel (1984) .  
R a i n f a l l  amounts were t a k e n  from B e l f o r t  r a i n  gages a t  three 
s i tes .  R a i n f a l l  amount data was a l s o  o b t a i n e d  from t h e  S h u t t l e  
Landing F a c i l i t y  (SLF) weather s t a t i o n  ( F i g u r e  1). 
sample c o l l e c t i o n .  Dur ing  198 le and 1985, p o l y e t h y l e n e  bucket  
C .  Data Q u a l i t y  and Comparab i l i t y  of t h e  1977 th rough  1985 Data 
S e t  
The c a l c u l a t i o n  of t he  c o n d u c t i v i t y / c a l c u l a t e d  c o n d u c t i v i t y ,  
a n i o n / c a t i o n ,  C l / N a  and Na/Mg r a t i o s  were performed on data f o r  
i n d i v i d u a l  samples and were used  t o  e v a l u a t e  data q u a l i t y  and 
c o m p a r a b i l i t y  (Galloway and Likens  1 9 7 8 ) .  H i g h l y  contaminated  
samples were n o t  i n c l u d e d  i n  data e v a l u a t i o n s .  
111. RESULTS AND DISCUSSION 
Annual volume-weighted mean c o n c e n t r a t i o n s  of selected major  
i o n i c  s p e c i e s  p r e s e n t  i n  r a i n  f o r  1977 t h r o u g h  1985 f rom two 
s i t e s  which were par t  of t h e  o r i g i n a l  UCF/KSC network,  t h e  UCF 
s i t e  and t h e  c u r r e n t  K S C  NADP s i t e ,  are p r e s e n t e d  i n  F i g u r e  2. 
The complete  acid d e p o s i t i o n  data base which c o v e r s  t h e  p e r i o d  
4 
Figure 2. Annual weighted average concentrations of major ions 
in rain at three sites. 
UCF 01 (NEAR PAD 39A) 
UCF 13 (NEAR CIF) 
I UCF 18 (UCF CAMPUS) 
H+ 
N H ~ +  
20 T 
0 1 
1978 1979 1980 1981 1982 1983 1984 1985 
5 
f rom 1977 through 1985 has been a r c h i v e d  a t  KSC u s l n g  t h e  N A S A  
Biomedical  Opera t ions  and Research O f f i c e  computer sys t em.  
Although sample c o l l e c t i o n  methodology has remained e s s e n t i a l l y  
c o n s t a n t  from 1977 t o  1985, a n  i m p o r t a n t  d i f f e rence  e x i s t s  i n  t h e  
a r c h i v e d  d a t a  base f o r  t h e  c o r r e s p o n d i n g  time p e r i o d .  A l l  data 
o b t a i n e d  as pa r t  of t he  UCF/KSC m o n i t o r i n g  program d u r i n g  1977 
t h r o u g h  1981 and data c o l l e c t e d  a t  U C F  d u r i n g  1981  t o  1985 were 
s u b j e c t e d  t o  r i g o r o u s  q u a l i t y  a s s u r a n c e  which i n c l u d e s  q u a l i t y  
c o n t r o l  and data e v a l u a t i o n  p r i o r  t o  a r c h i v i n g .  These e f f o r t s  
were used t o  e n s u r e  t h e  o v e r a l l  h igh q u a l i t y  of data regardless 
o f  $n tended  end use .  No a t t empt  was made t o  i n c o r p o r a t e  q u a l i t y  
a s s u r a n c e  i n t o  data c o l l e c t i o n  f o r  any o t h e r  a c i d  d e p o s i t i o n  
samples  c o l l e c t e d  a t  KSC e x c e p t  t h o s e  which are par t  of t he  NADP 
program. Recent attempts descr ibed  l a t e r  i n  t h i s  r e p o r t  have  
been  made t o  e v a l u a t e  the  r e l i a b i l i t y  of t h e  data c o l l e c t e d  
w i t h o u t  necessa ry  q u a l i t y  a s s u r a n c e .  
I n  g e n e r a l  these more r e c e n t  data sets (1981-1985) are 
c h a r a c t e r i z e d  by incomple t e  data, e.g., c o n c e n t r a t i o n s  f o r  a l l  
a n i o n s  and c a t i o n s  i n  i n d i v i d u a l  samples are n o t  a v a i l a b l e ,  
e i t he r  because of omiss ion  i n  the  chemica l  a n a l y s i s  scheme o r  
because  d e t e c t i o n  l i m i t s  f o r  t h e  methods of a n a l y s i s  were t o o  
high. It has been  shown that  the  composi t ion  of r a i n f a l l  a t  U C F  
is similar t o  t h a t  f o r  samples c o l l e c t e d  a t  KSC (Madsen 1984) .  
T h i s  conc lus ion ,  based on data c o l l e c t e d  d u r i n g  1977 t h rough  
1981, has been p r o j e c t e d  i n  q u a l i t a t i v e  f a s h i o n  t o  ass is t  i n  t h e  
d i a g n o s i s  of data e r r o r s  i n  t h e  KSC data c o l l e c t e d  s i n c e  1981. 
Data e v a l u a t i o n  has r e s u l t e d  i n  t h e  f o l l o w i n g  o b s e r v a t i o n s :  
Chemical a n a l y s i s  data o b t a i n e d  from November 1 9 8 1  
through December 1982 are g e n e r a l l y  of acceptable 
q u a l i t y ,  however, t h e  r a i n f a l l  amounts are m i s s i n g  which 
p r o h i b i t s  u t i l i z a t i o n  of data  i n  a p p l i c a t i o n s  where 
envi ronmenta l  l o a d i n g  i s  of impor tance  and p r e c l u d e s  
c a l c u l a t i o n  of weighted mean c o n c e n t r a t i o n s .  
Data f rom J a n u a r y  1983 t h rough  June  1983 show 
c o n s i s t e n t l y  and un reasonab ly  high v a l u e s  f o r  sample pH 
and chemica l  p r o c e d u r e s  have  a p p a r e n t l y  i n t r o d u c e d  
e r r o r s  i n t o  a m a j o r i t y  of t h e  samples which n e g a t e  data 
v a l i d a t i o n  e f f o r t s .  
Methods of a n a l y s i s  used d u r i n g  the p e r i o d  J u n e  1983 
through 1985 f o r  CIF e v e n t  samples and p r o j e c t  related 
samples (Pad  39A, UF marsh) y i e l d  data c h a r a c t e r i z e d  by 
l a r g e  random e r r o r s  because  many measurements were 
performed a t  o r  n e a r  u n a c c e p t a b l y  h igh  d e t e c t i o n  l i m i t s  
(Galloway and Likens  1978, NADP 1984) .  C h l o r i d e  and 
s u l f a t e  d e t e r m i n a t i o n s  were pr ime examples. It a l s o  
appears t h a t  many pH d e t e r m i n a t i o n s  were i n  e r r o r  which 
l eads  t o  g r o s s  o v e r  e s t i m a t i o n  of a c i d i t y .  
4 )  Data g e n e r a t e d  as par t  of  t h e  NAIIP and UCP prograins are 
of high q u a l i t y .  I n  a d d i t i o n  " f i e l d "  pH measurements 
made a t  K S C  from mid-1983 th rough  1985 were g e n e r a l l y  
c o n s i s t e n t  w i t h  NADP and UCF data and t h e r e f o r e  form t h e  
basis f o r  a v a l i d  b u t  l i m i t e d  data s e t .  
Table  2 p r e s e n t s  a comparison of h i s t o r i c  data from three s i t e s  
(Madsen 1981) ,  w i t h  data ob ta ined  d u r i n g  1984 a t  s i t e s  n e a r  three 
o r i g i n a l  s i tes .  I n  g e n e r a l  pH l e v e l s  measured i n  1984 were 
approx ima te ly  0 .2  u n i t s  h i g h e r  t h a n  t h e  a n n u a l  1977-1981 mean pH 
v a l u e .  The h igher  pH v a l u e s  account  f o r  much of t h e  d e p o s i t i o n  
decrease of approx ima te ly  50 p e r c e n t .  The  pH and a c i d  d e p o s i t i o n  
data which were a v a i l a b l e  f o r  t h e  p e r i o d  1978-1985 a t  UCF showed 
these same d i f f e r e n c e s  and r e f l ec t ed  a "real" change i n  pH and 
d e p o s i t i o n .  These data are p r e s e n t e d  i n  T a b l e  3 a l o n g  wi th  
i n d i v i d u a l  i o n  c o n c e n t r a t i o n  and s e l e c t e d  d e p o s i t i o n  data. 
The data p r e s e n t e d  i n  Table 4 summarize pH v a l u e s  o b t a i n e d  from 
samples c o l l e c t e d  a t  t he  KSC CIF s i t e  d u r i n g  1984 and 1985. 
Annual mean f i e l d  pH determined from CIF e v e n t  samples and weekly 
NADP samples were i n  e x c e l l e n t  agreement  w i t h  the 1984 and 1985 
a n n u a l  mean pH de termined  from samples c o l l e c t e d  a t  U C F .  It has 
p r e v i o u s l y  been shown t h a t  no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  i n  pH e x i s t e d  between samples c o l l e c t e d  a t  UCF and a t  
K S C  d u r i n g  1977-1981 (Madsen 1984) .  A p a i r e d  sample t - t e s t  
a p p l i e d  t o  r e c e n t  (1984-1985) UCF and NADP f i e l d  monthly weighted  
a v e r a g e  pH s u g g e s t s  t h a t  no s t a t i s t l c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
ex is t s .  The NADP l a b o r a t o r y  pH v a l u e s  were greater d u r i n g  n i n e  
months o u t  of t he  two year p e r i o d  t h a n  the  NADP f i e l d  pH v a l u e s  
and r e s u l t e d  i n  a f i e l d  determined a c i d i t y  which i s  23 p e r c e n t  
greater t h a n  l a b o r a t o r y  a c i d i t y .  V e r r y  (1983)  has r e p o r t e d  
d i f f e r e n c e s  i n  NADP f i e l d  a c i d i t i e s  which are  up t o  10 times 
grea te r  t h a n  l a b o r a t o r y  a c i d i t i e s  f o r  r a i n f a l l  and snow samples 
c o l l e c t e d  i n  Minnesota .  These d i f f e r e n c e s  have  been a t t r i b u t e d  
t o  sample decomposi t ion  and/or  t r a n s i t  c o n t a m i n a t i o n  problems.  
Samples c o l l e c t e d  a t  U C F  d u r i n g  1985 and s t o r e d  a t  room 
t e m p e r a t u r e  o r  a t  4 O C  f o r  extended p e r i o d s  have  shown no 
apprec iab le  changes i n  pH. T h i s  o b s e r v a t i o n  i s  c o n s i s t e n t  w i th  
p r e v i o u s  data from 1980. 
data o b t a i n e d  d u r i n g  1984 and 1985 are c o n t r a r y  t o  a l l  documented 
changes which have been r e p o r t e d  f o r  p r e c i p i t a t i o n  samples caused  
by c o n t a m i n a t i o n  d u r i n g  t r a n s i t  o r  decomposi t ion  d u r i n g  ex tended  
s t o r a g e .  The annua l  mean a c i d i t y  which i s  1 4 0  p e r c e n t  and 99 
p e r c e n t  greater f o r  1984 and 1985, r e s p e c t i v e l y ,  t h a n  a 
c o n s e r v a t i v e  estimate based on NADP l a b o r a t o r y  pH v a l u e s  f o r  t h e  
c o r r e s p o n d i n g  p e r i o d s  appears t o  be a n  u n a c c e p t a b l y  high estimate 
which i n  a l l  p r o b a b i l i t y  has r e s u l t e d  from t h e  g e n e r a l  l a c k  of a n  
a c c e p t a b l e  q u a l i t y  a s s u r a n c e  program. 
The ve ry  low C I F  e v e n t  l a b o r a t o r y  pH 
Dramat ic  changes i n  r a i n w a t e r  pH have  been desc r ibed  f o r  samples 
c o l l e c t e d  as pa r t  of t h e  NADP and MAP3S m o n i t o r i n g  programs where 
pH i s  f i r s t  measured i n  a f i e l d  l a b o r a t o r y  s h o r t l y  a f te r  t h e  end 
of a s p e c i f i e d  sampl ing  p e r i o d  and l a t e r  i n  a c e n t r a l  a n a l y t i c a l  
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T a b l e  4. Comparison of monthly volume weighted  a v e r a g e  pH b a s e d  
on even t  f i e l d ,  e v e n t  l a b o r a t o r y ,  weekly f i e l d ,  and 
weekly l a b o r a t o r y  r e c o r d s  f o r  samples  c o l l e c t e d  a t  t h e  
KSC CIF s i t e  d u r i n g  1 9 8 4  and 1 9 8 5 .  Values  i n  
p a r e n t h e s i s  r e p r e s e n t  d i f f e r e n c e  i n  a c i d i t y  compared t o  
NADP de t e rmined  a c i d i t y .  
~ 
CIP EVENT WEEKLY NADP STATION 
F i e l d  pH* Lab pH** F i e l d  pH* Lab pH*** 
1984 1 9 8 5  1 9 8 4  1 9 8 5  1 9 8 4  1 9 8 5  1 9 8 4  1 9 8 5  
Janua ry  
February  
March 
A p r i l  
May 
June  
J u l y  
August 
September 
October  
November 
December 
Annual 
4.25 
4.83 
5.20 
5.78 
5.00 
4 .28  
4.90 
4.23 
4.97 
4.64 
4.96 
4.33 
4.71 
4.74 
4 .64  
5.18 
4 . 9 8  
4 . 2 7  
4 . 4 6  
4 .59  
4 .54  
5.10 
4 . 9 1  
4 .82  
5.01 
4 .67  
4.37 
4 .79  
4 .87  
5.31 
5.08 
4 . 0 5  
4 .12  
3.84 
4 .84  
4 .58  
4 . 9 8  
4 .62  
4 .42  
4.74 
4 .35  
5 .45  
4 .51  
4 .32  
4 .26  
4 .64  
4 .65  
5.05 
4 .62  
4 .57  
4 .28  
4 .53  
4 .49  
5 . 0 4  
4 .94  
4 .94  
5.00 
4 .17  
4 . 7 9  
4 . 2 8  
4 .70  
5 . 0 4  
5.15 
4 . 4 4  
4 . 7 1  
5-13 
5 . 0 4  
5 . 0 9  
4 . 8 5  
4 .54  
4 .62  
4.42 
4 .48  
4 . 8 5  
4 .80  
4 .75  
4 .77  
4 .68  
4 .48  
4.96 
5 .04  
4 .82  
5.31 
4.36 
4.90 
4 . 4 2  
4 .73  
5.11 
5 . 1 6  
5 -05  
4 .80  
5 .72  
5 .34  
5 . 4 2  
5.15 
4 .58  
4 .77  
4 .50  
4 . 6 0  
5 - 2 3  
4 .90  
4 .72  
5.15 
4 .83  
*Performed a t  KSC. 
**Performed a t  c o n t r a c t o r  l a b o r a t o r y .  
***Performed by NADP c e n t r a l  a n a l y t i c a l  l a b o r a t o r y .  
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l a b o r a t o r y  (Keene and Galloway 1 9 8 4 ) .  T h e  p r e s e n c e  of weak a c i d s  
which are s l o w l y  decomposed is c u r r e n t l y  proposed  t o  a c c o u n t  f o r  
t h e  pH changes which have been obse rved .  
The e v a l u a t i o n  of t r e n d s  w i t h  time a s s o c i a t e d  wi th  a c i d  
p r e c i p i t a t i o n  i n  t h e  U.S. has been l i m i t e d  because  of a g e n e r a l  
l ack  of data c o v e r i n g  p e r i o d s  p r i o r  t o  t h e  1 9 8 0 ' s .  S e v e r a l  
i n v e s t i g a t o r s  have  used  t h e  l inear  r e g r e s s i o n  s l o p e  and i t s  
s t a n d a r d  d e v i a t i o n  or t h e  l i n e a r  r e g r e s s i o n  c o r r e l a t i o n  
c o e f f i c i e n t  t o  e v a l u a t e  t r e n d s .  Because p r e c i p i t a t i o n  data are 
q u i t e  v a r i a b l e  and d r a m a t i c  changes w i t h  time are seldom obse rved  
o v e r  t h e  few years where data  a r e  a v a i l a b l e ,  documenta t ion  of 
t r e n d s  i s  g e n e r a l l y  n o t  for thcoming.  Pra t t ,  e t  a l .  (1983)  
e v a l u a t e d  Minnesota  r a i n  ove r  a f o u r  year p e r i o d .  Galloway and 
Likens  (1981)  have  s u b j e c t e d  t h e  15  year r e c o r d s  from Hubbard 
Brook, N e w  Hampshire t o  t he  same t r e a t m e n t  and observed  t r e n d s  
when s e a s o n a l  t r e a t m e n t  of monthly s u l f a t e  and n i t r a t e  
c o n c e n t r a t i o n s  are cons ide red .  L i k e n s ,  e t  a l .  (1984)  have  
c o n s i d e r e d  t h e  1964-1982 annual  weighted a v e r a g e  c o n c e n t r a t i o n s  
from Hubbard Brook i n  similar f a s h i o n  and found e v i d e n c e  t o  
s u g g e s t  t h a t  t r e n d s  f o r  H t ,  N H 4 + ,  Ca2+, Mg2+, K t ,  SOQ2-, and C1' 
may ex i s t .  
The MAP3S/RAINE Research Community (1982)  p r e s e n t e d  a 
comprehensive s t a t i s t i c a l  overview i n t e n d e d  as a s t a r t i n g  p o i n t  
f o r  v a r i o u s  i n t e r p r e t i v e  s t u d i e s  of a f o u r  year p r e c i p i t a t i o n  
c h e m i s t r y  data base. D e l i n e a t i o n  of tempora l  fea tures  i n c l u d e d  
l i n e a r  r e g r e s s i o n  a n a l y s i s  of even t  data  with c o r r e l a t i o n  
c o e f f i c i e n t s  and p r o b a b i l i t i e s  r e p o r t e d  t o  assess t h e  s t r e n g t h s  
and c o n f i d e n c e  l e v e l s  of p o s s i b l e  t r e n d s .  
H idy ,  e t  a l .  (1984)  have proposed a q u a l i t a t i v e  "boxp lo t "  
approach  t o  t r e n d  e v a l u a t i o n  f o r  i l l - d e f i n e d  data and conc lude  
t h a t  e v i d e n c e  f o r  downward t rends  i n  s u l f a t e  and pH and upward 
t r e n d s  i n  n i t r a t e  and ammonium i o n  c o n c e n t r a t i o n s  f o r  Hubbard 
Brook and U.S. G e o l o g i c a l  Survey (USGS) data f o r  t h e  p e r i o d  
1965-1980 do  e x i s t .  
(1983)  u t i l i z e s  a u t o r e g r e s s i v e  i n t e g r a t e d  moving a v e r a g e  
p r o c e s s e s  t o  e v a l u a t e  tempora l  changes i n  a c i d i t y  based on the  
same USGS data s e t  and concluded t ha t  no e v i d e n c e  e x i s t s  t o  
s u p p o r t  a c o n c l u s i o n  of long-term change i n  t he  mean a c i d i t y  
l e v e l  . 
The approach t a k e n  by B i l o n i c k  and Nicho l s  
E v a l u a t i o n  of t he  U C F  p r e c i p i t a t i o n  chemis t ry  data base 
summarized as monthly weighted a v e r a g e s  f o r  t he  p e r i o d  J u l y  1 9 7 7  
t o  December 1985 u s i n g  a l i n e a r  r e g r e s s i o n  model r e v e a l s  t h e  
i n d i c a t i o n  of a downward t r e n d  i n  a c i d i t y .  The data and 
r e s u l t i n g  l i n e a r  r e g r e s s i o n  equa t ion  are p r e s e n t e d  i n  F i g u r e  3 .  
E v a l u a t i o n  of data f o r  the o t h e r  major c a t i o n s  (Nat, K t ,  M$+ 
"4+) and  major  a n i o n s  (Cl-, NO3', S04*-) do n o t  r e v e a l  t rend;  ( p  
<0.05). When monthly d e p o s i t i o n  of a c i d i t y ,  e t c .  (cm x 
c o n c e n t r a t i o n )  were t reated i n  s-lmilar f a s h i o n  no i n d i c a t i o n  of 
t r e n d s  (P<O.O5) was a p p a r e n t .  No i n d i c a t i o n  of t r e n d s  was 
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a p p a r e n t  when s i t e  13/NADP d a t a  were c o n s i d e r e d  as a c o l l e c t i v e  
s e t  t h e n  s u b j e c t e d  t o  t h e  same e v a l u a t i o n  as t h e  UCF data set .  
P r e c i p i t a t i o n  a c i d i t y  i s  t h e  cumula t ive  r e s u l t  of c o n t r i b u t i o n s  
of many a c i d i c  and b a s i c  compounds which are  p r e s e n t  i n  t h e  
a tmosphere .  A c i d i t y  of r a i n  a t  KSC and UCF was h i g h l y  c o r r e l a t e d  
w i t h  n i t r a t e  c o n c e n t r a t i o n  and w i t h  s u l f a t e  c o n c e n t r a t i o n  (Madsen 
1981, 1984) .  S t epwise  r e g r e s s i o n  a n a l y s i s  of t h e  U C F  data 
(Madsen 1984, 1985)  r e v e a l e d  a model which showed t h e  
c o n t r i b u t i o n s  of n i t r a t e  and su l fa te  c o n c e n t r a t i o n s  as measures  
of n e u t r a l i z i n g  o r  b a s i c  c a t i o n s .  Summaries of t h e  s t e p w i s e  
r e g r e s s i o n  a n a l y s i s  and i n d i v i d u a l  i o n  c o r r e l a t i o n s  are p r e s e n t e d  
i n  Tab les  5 and 6. 
observed  i n  t h e  p r e s e n c e  of moderate monthly f l u c t u a t i o n s  whi le  
no o t h e r  i n d i v i d u a l  i o n  c o n c e n t r a t i o n s  e x h i b i t e d  o r  s u g g e s t e d  a 
similar t r e n d .  I n  f a c t ,  t he  d e c r e a s e  i n  a c i d i t y  was r e a d i l y  
obse rved  t o  be  a n  i n c r e m e n t a l  drop d u r i n g  1983,  1984, and 1985 
compared t o  1978-1982 as summarized i n  T a b l e  3. T h i s  t y p e  of  
change was a l s o  observed  t o  a lesser e x t e n t  f o r  s u l f a t e  b u t  n o t  
f o r  n i t r a t e .  These r e su l t s  should t h e r e f o r e  be c i t e d  w i t h  
a p p r o p r i a t e  q u a l i f i c a t i o n  and r e s e r v a t i o n  d u e  t o  t h e  r e l a t i v e l y  
s h o r t  r e c o r d  d u r a t i o n .  
The t r e n d  i n  a c i d i t y  o v e r  t ime had been 
IV. CONCLUSIONS/RECOMMENDATIONS 
C a r e f u l  e v a l u a t i o n  of t h e  e x i s t i n g  a c i d  p r e c i p i t a t i o n  data  base 
f o r  KSC and UCF has r e v e a l e d  t h a t  p o r t i o n s  a re  u n s u i t a b l e  f o r  u s e  
i n d e p e n d e n t l y  and shou ld  n o t  be i n c l u d e d  f o r  u s e  i n  o t h e r  
s t u d i e s .  I n  g e n e r a l ,  t h o s e  d a t a  o b t a i n e d  th rough  involvement  of 
UCF,  NADP, and K S C  f i e l d  measurements made s i n c e  August 1983 are  
of s u i t a b l e  q u a l i t y .  It  i s  recommended t h a t  a c t i v i t i e s  a t  KSC be 
s t r e a m l i n e d  t o  i n c l u d e  on ly  the  NADP s i t e  f o r  r o u t i n e  c h e m i s t r y  
m o n i t o r i n g  pu rposes .  If s p e c i a l  s t u d y  s i t e s  a re  t o  be a c t i v a t e d  
t h e n  e x t e r n a l  s e r v i c e  l a b o r a t o r i e s  s h o u l d  n o t  b e  used t o  a n a l y z e  
samples  u n l e s s  r i g o r o u s  q u a l i t y  a s s u r a n c e / q u a l i t y  c o n t r o l  
programs such  as t h o s e  used  by  NADP can  be implemented and 
e n f o r c e d .  The NADP p r o t o c o l  s t i p u l a t e s  weekly sampl ing  
i n t e r v a l s  and it  i s  recommended t h a t  d a i l y  sampl ing  b e  c o n t i n u e d  
a t  t h e  UCF s i te .  T h i s  w i l l  en su re  t h a t  data from a s i n g l e  s i t e  
which has been a part of t h e  mon i to r ing  program s i n c e  i t s  
i n c e p t i o n  w i l l  be a v a i l a b l e  t o  be t te r  assess t r e n d s  i n  
composi t ion .  The tempora l  r e s o l u t i o n  o b t a i n e d  with d a i l y  
s ampl ing  can  form t h e  basis f o r  f u t u r e  i n c o r p o r a t i o n  of 
m e t e o r o l o g i c a l  i n t e r p r e t a t i o n s  and w i l l  r e s u l t  i n  a smaller 
f r a c t i o n  of samples  " l o s t "  through s e v e r e  con tamina t ion .  
Management and o p e r a t i o n a l  j u s t i f i c a t i o n  f o r  t h e  a tmosphe r i c  
d e p o s i t i o n  m o n i t o r i n g  program comes from a number of areas. 
S t u d i e s  have been conducted t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of 
r e c o v e r i n g  s t o r m  water f o r  r e c y c l i n g  pu rposes  (Heaney, e t  a l .  
1984, J o n e s  1 9 8 6 ) .  Knowledge of t h e  q u a l i t y  and q u a n t i t y  of 
r a i n f a l l  a v a i l a b l e  f o r  u s e  w i l l  be of great v a l u e  i n  e v a l u a t i n g  
t h e  p o t e n t i a l s  of t h e  p r o j e c t .  E f f e c t s  of a c i d  r a i n  on materials 
T a b l e  5. I o n i c  p r e d i c t o r s  of a c i d i t y  i n  r a i n  b a s e d  on a stepwise 
r e g r e s s i o n  model. 
1978 1979 1980 1981 1982 1983 1984 1985 
UCF xs so 4 
-NH 4 
N O 3  
-C a 
number 
of samples 67 
r2 0.89 
KSC13/NADP* xsSO4 
-C a 
-K 
number 
of samples 65 
r2 0.92 
xs so 4 
-C a 
-Mg 
NO 3 
81  
0.99 
xssoq 
-C a 
NO 3 
-NH I+ 
-K 
68 
0.94 
xsso4 
N O 3  
-NH4 
-C a 
77 
0.94 
xssoq  
Na 
-Mg 
- C a  
"2 -N 4 
68  
0.91 
xssoq 
-C a 
NO 3 
67 
0.91 
N O 3  
xssoq  
-NH4 
-C a 
-NH4 
37 
0.89 
X S S O ~  xsSO4 N O 3  xsSO4 
- N H 4  - N H 4  -Ca -Ca 
xsS04 NO NO 3 
-C a 
95 74 68 90 
0.94 0.88 0.96 0.80 
;I - N H 4  -N 4 NO3 -C a 
N O 3  xsSO4 
-Ca -Ca 
-IiH4 X S S O ~  Nail -N 4 
Na 
-m -c 1 
4 4  43 
0.80 0.88 
I o n i c  p r e d i c t o r s  a re  l i s t e d  i n  t h e  o r d e r  s e l e c t e d  by t h e  s tepwise  
r e g r e s s i o n  procedure.  The n e g a t i v e  ( - 1  s i g n  r e p r e s e n t s  a n  
i n v e r s e  r e l a t i o n s h i p  between a c i d i t y  and t h e  s p e c i f i e d  i o n .  
* D a i l y  samples f r o m  K S C 1 3 / N A D P  were used  f o r  t h e  p e r i o d  J a n u a r y  
1978 - October  1981. NADP samples c o l l e c t e d  week ly  were used f o r  
1984 and 1985 e v a l u a t i o n s .  
1 4  
- 
Table 6. Linear regression model of the relationship between 
various monthly weighted average concentrations in rain 
at U C F  and K S C  site 13/NADP. 
K S C  
U C F  
K S C  
U C F  
K S C  
U C F  
K S C  
U C F  
K S C  
U C F  
K S C  
U C F  
ci=l.l07(Na) + 0.701 
c i = l .  163 (Na) + 0 -  519 
Mg=0.233(Na) + 1.073 
Mg=O. 241 (Na) + 0.570 
NH4=0.623(~~S04) - 6.979 
"4=O. 385 (XSso4) + 0.62 
N03=0.381(xsSO4) + 1.572 
N03=0.428(xSSO4) + 2.554 
& %  
0.761 98 
0.628 73 
0.823 98 
0.991 73 
0.999 98 
0.979 73 
0.998 98 
0.'775 73 
0.600 98 
0.866 73 
0.786 98 
K S C  data covers the period September 1977 - October 1981 and 
January 1984 - December 1985. 
U C F  data covers the period November 1977 - December 1985. 
may be of some consequence when d e c i s i o n s  on the c o n s t r u c t i o n  of 
towers ,  b u i l d i n g s ,  and o t h e r  s t r u c t u r e s  m u s t  be made. Changes i n  
v e g e t a t i o n  due t o  ac id  r a i n  may have long-term impac t s  on 
w i l d l i f e  hab i t a t s  a t  KSC.  Groundwater c o n t a m i n a t i o n  i s  a 
p o s s i b i l i t y  and the ac id  d e p o s i t i o n  data  may p r o v i d e  a n  
a d d i t i o n a l  sou rce  of i n p u t  i n f o r m a t i o n .  The data may a l s o  be of 
u s e  i n  e v a l u a t i o n s  p r i o r  t o  t h e  p e r m i t t i n g  of  s to rm water 
d i s c h a r g e s .  
The data a l r e a d y  accumulated from t h e  NADP and UCF m o n i t o r i n g  
e f f o r t s  provide  a q u a l i t y ,  r e l a t i v e l y  s h o r t - t e r m  data base f o r  
r e s e a r c h  i n  a number of areas such  as watershed e f f e c t s  and 
materials e f f e c t s  and a s t a r t  t o  t h e  b u i l d i n g  of a long-term 
env i ronmen ta l  data base. 
For  the  p r e s e n t ,  t h e  UCF and NADP s i tes  are s u f f i c i e n t  r a i n  
q u a l i t y  i n d i c a t o r s  f o r  d e c i s i o n  making pu rposes  a t  KSC.  Volume 
data c o l l e c t i o n  shou ld  be con t inued  where there  i s  a n  i n t e r e s t  
( such  as i n  t h e  areas of t h e  l aunch  complexes,  t h e  Vehicle  
Assembly Bu i ld ing  and t h e  S h u t t l e  Landing F a c i l i t y )  due t o  t h e  
s p a t i a l  h e t e r o g e n e i t y  of r a i n f a l l  volumes from e v e n t s  i n  c e n t r a l  
F l o r i d a .  
A d d i t i o n a l  t r e n d  e v a l u a t i o n  of p r e c i p i t a t i o n  data  f o r  KSC o r  UCF 
shou ld  be  d e f e r r e d  u n t i l  m o n i t o r i n g  data which cove r s  much l o n g e r  
t i m e  p e r i o d s  a r e  a v a i l a b l e .  T h i s  recommendation i s  based i n  p a r t  
upon t h e  v a r i a b i l i t y  t h a t  has been observed  i n  the e x i s t i n g  
KSC/UCF data se t .  I n  a d d i t i o n ,  c o n c l u s i o n s  t h a t  have been drawn 
by d i f f e r e n t  r e s e a r c h e r s  who have  e v a l u a t e d  1 5  y e a r  data se t s  f o r  
a c i d  d e p o s i t i o n  by Hubbard Brook and f o r  the n o r t h e a s t e r n  U.S. 
(USGS da t a )  do n o t  a g r e e  because  of t h e  approaches  used t o  
s t a t i s t i c a l l y  e v a l u a t e  the  data  se t s .  The d i s c r e p a n c i e s  may 
o c c u r  because  t h e  d i f f e r e n t  s t a t i s t i c a l  tes ts  f o r  e v a l u a t i o n  of  
t r e n d s  have been a p p l i e d  dependent  upon the  background of t h e  
s p e c i f i c  r e s e a r c h e r .  E v a l u a t i o n s  which f o c u s  on t empora l  change 
i n  c o n c e n t r a t i o n  i n s t e a d  of t o t a l  d e p o s i t i o n  which i s  based on 
t h e  p roduc t  of c o n c e n t r a t i o n  and r a i n f s l l  amount a l s o  have  
y i e l d e d  d i f f e r e n t  c o n c l u s i o n s .  An a c i d  d e p o s i t i o n  m o n i t o r i n g  
program which e x t e n d s  beyond 15  y e a r s  would seem mandatory b e f o r e  
e x t e n s i v e  e v a l u a t i o n  of t r e n d s  i s  j u s t i f i e d .  It i s  l i k e l y  t h a t  
p r e c i p i t a t i o n  compos i t lon  of UCF samples can c o n t i n u e  t o  s e r v e  as 
an  i n d i c a t o r  of KSC p r e c i p i t a t i o n  compos i t ion  once c o r r e c t i o n  f o r  
t h e  mar ine  i n f l u e n c e  i s  i n c o r p o r a t e d .  
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